J 


NASA-CR-203756 



ELSEVIER 


PH 50024-3205(96)00391-8 


Life Sciences, Vol. 59, No. II. pp. 931-937, 1996 
Copyright ® 1996 Elsevier Science Inc. 
Printed in the USA. AH rights reserved 
0024-3205/96 J 15.00 + .00 


^ J? 


IN VITRO INTE RLEU KIN- 1 AND 2 PRODUCTION AND INTERLEUKIN 2 
RECEPTOR EXPRESSION IN THE RHESUS MONKEY 


->V 


Didicr A. Schmitt,* Gerald Sonnenfeld,* David Husson,* Jean Tkaczuk,* Eric Andre,* 

and Laurance SchalTar § 


* t1^n dl ? ire FaCU ' td de Mddecine ct CHU Ranguetl, 3 1054 Toulouse, France, 

Department ol General Surgery Research, Carolinas Medical Center, Charlotte, NC, USA 

Centre dc Pnmatologic, University Louis Pasteur, Niederhausbergcn, France and 
s INSERM U 210, Facultc dc Mydecine, 06107 Nice, France. 

(Received in final form July 8, 1996) 


Summary 

Anti-human monoclonal antibod.es were used to detect and quantify interleukins- 1 
and _ and intcrleuk.n-2 receptor expression in peripheral blood mononuclear cells 
PMAV hC i US monke y- . Interleukin- 1 production could be induced by phorbol esters 
(PMA ) and \v as potentiated by phytohcmagglutinin (PHA). Interleukin-2 secretion 
could also be induced by the comb.nation of PHA and PMA, but only weakly with 
PHA alone. Intcrleukin-2 receptor expression was present in a subpopulation of 
unstimulatcd lymphocytes and could be enhanced by PHA or PMA. These data 
show once again that the rhesus monkey immune system is cross-reactive with the 
therapy °" C ^ macaquc could be a 8°° d model lo study interleukin 

Key Words: primates. Macaco mulatto, lymphocyte proliferation, cross-reactivity, cytokines 

As with other nonhuman primates, the rhesus monkey ( Macaca mulnit.A demonstrates marked 
TWs , ., humans ‘ r n ltS anaton, y and Physiology ( 13) due to a close phylogenetic relationshV 
Thus rhS, ar L UrC o( , ,m P? rtance (or medical research in many disciplines such as immunology 

^^nd h StiirM k 8f S \4 aV p e ^",1!“? f ° r man >' r years as a model for infectious diseases ( 16. 20, 
of in h ® 8 ' ^° rcm er > thc discovery of a simian immunodeficiency virus (SI V) capable 

P ) bute d^o U A a IO m c ( AID S)-like disease m rhesus monkc£ (4, 
H contributed to AIDS research (2, 7, 16). Interestingly, more and more cross-reactivitv of 
human immunological reagents has been described (16, 22), reinforcing the usefulness of "this 
animal model as a human analogue in the immunological field An increasing number of anti hum™ 

ri? ,ona rr' cs <MA , bs > ^ <*" 

«'T' T nkc >' ( ' 4 - i8 ’ 2I - 25 > As = consequence, functional acSS of 
mononuclear cells ( rom rhesus monkeys could be compared with humans (1,9, 19). 

rvi I nL-. C ^. n !2 St ’| t ° ° Ur kn0U lcdgc ” f ccl1 membrane markers, little is known about cytokines or 
cytokine receptors in macaques (15), and especially rhesus monkeys (3, 8). Interleukin- 1 beta HL- 
) is a multifunctional polypeptide which is secreted by monocytes and participates in T lvmphocvtc 
blast transformation (26). Interleukin-2 (IL- 2 ) is produced" by actuated T^ymphci^nc? 
participates in T lymphocyte proliferation once the interleukin-2 receptor (IL-2R) is expressed P6) 
The present study was undertaken to determine whether IL-1, IL-2, and IL-2R expression could be 

quantified in rhesus monkeys using anti-human MAbs. expression could be 
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932 


Interleukins in Rhesus Monkey 


Vol. 59, No. 11, 1996 


Materials and Methods 

rn n.^Tpf a ! ld b j° (xl sam P lcs - Rhesus monkeys ( Macaca mulattal of various ages housed at 
Centre d Etudes c de Recherche cn Medecine Aerospatiale (Bretigny sur Orge Francei and a 

were shipped by express mail at ambient temperature to the laboratory' within 24 h after sampling. 

. Peripheral blood mono nuc le a r cell isolation . Peripheral blood mononuclear cells (PBMC) were 

P rn onT^ denSlty u mcdlUm (MSL ’ Eurob '°- p ^s. France) by centrS 
g. The PBMC were then washed twice in RPMI 1640 medium (Gibco^RL Cer'gyXnto^ 

RPMM 640 rT *! a ! a co . ncentration of 106 viable cells/ml of culture medium consisting of 
RPMI 1640 supplemented with 2 mM L-glutamme, 1 mM sodium pyruvate and 10% E 
inaclivcd fetal bovine scrum (IBF, Villcuve-La-Garennc, France). 

PB MC ^ivel^wcrc'ct up 'T 'T Du P lic f. ,e °r triplicate cultures containing 2x10* 

n ) J f P In 0,2 mI of culturc medium in U-bottom microtiter nlates (Nunc 

cot atm osat he rc^ T he T^^rar 4 °' T h thC P r f en “ of ac,lvators in a 37 °C, humidified. 5 % 

2 Jlmos Pncre. 1 he IL _ production was induced by stimulating PBMC with various 

MO)“7omSl PHA dus 0 ® of / Phytohcmagglutmin-P (PHA-P, Sigma Chemical, St. Louis, 
i mg/ Pf ? A P , U ^ 1 or 5 ng/ml of phorbol 12-myristale 13-acetate (PMA Sigma) The IL 

, c ™ llon ' va * induced by incubating the PBMC in the presence of 1 5 or 10 ng/ml of PMA or 
with _0 mg/1 ol PHA plus 1 ng/ml PMA. After incubation, the plates were centrifuged at 400xe for 

i n tet -e^n rntm^^rratilT'al M h ^ S ‘° rCd at ~ 8 °° C , UnUl anal - vsis - In order to minimize 
inter experimental \ ariations, all the experiments were performed using the same batches of 

reagents previously all quoted and frozen. The 1L1 and IL2 were measured ^ bTa noTcommcraia 

enzyme immunoassays as previously described (5, 6). Secreted ILl was measured 7n 

ass iss&ss it 1 s r L ? s r by 'r g thc ?■? w,th de ^ s 

(“xiXFsr sand “ ich vstema 

PHA o C r' l |^n!l V~ rT P :°^;i R) -" PreSSln ^ <rMs Cullured PBMC stimulated with 5 pg/ml of 
NaN ‘ncx^OOS £ iprr MA ‘° r 12 ’ , 24 ' 36 ’ and 48 h werc resuspended in .05 ml of PBS- 
fTP6 hvhr H " d /lo^n^F COnjU8ated antl ‘IL-2R alpha chain monoclonal antibody ( 10) (anti- 
CD25, hybr.doma B 1.49.9, Immunotech, Marseille, France) were added for 15 mm ,t 4°r , r 

“S' ,Tf' “l e “ lls ,vcrc ^ m PBS W 0J7 % S3S a„S s fo,S 

at 4 C in the dark until analysis within a maximum of 1 day after labeling In order to test tho 

specificity of our antibody monkey PBMC werc stimulated \vith PHA tSnoLiu ^ ° ^ h 
then incubated for ih nr d*r m in/, u muia , a Wltft FHA Png/ml) for 36h and were 
AfiJ i^ U 1 u ,7 C r , lth 10 UI/ml human recombinant IL2 (Biotest Dreieich German^ 
Alter two washes, half of the cells w^erc incubated nt 37°P for iu . ’ , 

„ 1 2 , cr P® ran ® clcrs ' vere used to gate lymphocytes and monocytes and to gate out damaged 

ce ls and debris. For each sample, the fluorescence intensities of 104 cells we ‘° f e ?orded and the 
percentage of positive cells was computed through LYSYS II software (Becton-Dikinson). ’ h 

g ggf p '2S£ m * WCre C ° mparCd '° ^ ° thCr by meanS ° f a * '-t. Alpha 

Results 

PBMC were P |ri g g e rc d b b v'*? MA ^,^',^1 “ S prod “ Ction vvas S'gm fican tly enhanced when 
dnstienllv r hJ n 88 i d , Interestingly, as in humans, low doses of PHA potentiate 

- the ,L_1 secrctlon (Fig. 1). Thc optimal concentration of PMA was 1 ng/m^Fig ->) 
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P < .003 


P < .004 



Control PMA PMA+PHA 


FIG. 1 

IL-1 secretion in rhesus monkey PBMC. IL-1 

m either unstimulatcd cells or in cells that received PMA (5 ng/ml) or PMA U 
ng/ m l) plus PHA (20 mg/1) -stimulated cells for 48 h. Results arc expressed a. 

mean ± SD, n = 5. 
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FIG. 


IL 1 secretion in rhesus monkev PBMC. IL-1 secretion was induced in PBMC 
uhth s^ious 'concentrations of PMA oxer a 24 h period. IL-1 concentrations 
decreased slightly when PBMC were stimulated with PMA concentrations higher 
than 1 ng/ml. Results are expressed as mean ± SD, n - 5. 
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Pc. 02 



Control PHA PMA 


FIG. 3 

IL-2R expression in rhesus monkey PBMC. IL-2R expression in unstimulated 
and PMA (5 ng/ml) or PHA (5 mg/1 of PHA) -stimulated cells was determined by 
cytofluorimetry. The IL-2R was expressed on unstimulated T lymphocytes (IL- 
2R+ cells) and is increased in PHA (5 mg/I) stimulated cells. Results arc 
expressed as mean ± SD, n = 5. 



FIG. 4 

IL-2R expression in rhesus monkey PBMC. IL-2R expression in PMA (5 ng/ml) 
-stimulated cells was determined by cytofluorimetry. The percentage of IL-2R 
positive cells reached a maximum after 36 h. 
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TABLE 1 



IL-2 (U/ml) 

SD 

Control 

0 

0 

PHA 

0 

0 

PMA 

.03 

.025 

PHA + PMA 

.62 

.24 


ll -> sec re lion in rhesus monkey PBMC. IL2 secretion (U/ml) by PBMC was 
undetectable in unstimulated or in PHA (10 mg/1) stimulated cells A detectable 
amount of IL2 was produced when PMA (5 ng/ml) was used as the activator 
whereas, PHA (10 mg/1) largely potentiated the_effect of the same concentration of 
PMA. Results arc expressed as mean ± SD, n - 7. 


TABLE II 


IL-2 (U/ml) 

Monkey 

Control 

PHA + PMA 

1 

0 

2.30 

2 

.23 

4.96 

3 

0 

.52 

4 

.15 

2.19 

5 

.26 

.52 



1L-2 secretion in rhesus monkey PBMC. In this experiment, IL2 

was detectable in some monkeys in unstimulatcd cells. I L- P ... 

increased when PBMC were stimulated with PMA (5 ng/ml) plus PHA ( 10 mg ). 

=s if— " 

SmSsMp-sS'- - - — e 

sandwich immunoassays (data not shown). 

resting PBMC cirhurai for * h. app, os, ma.lv 9 % of ,hc 
(Fig 3). The number of IL-2R positive i« (ng/mVof PMA. In 

internalization anb. therefore, 

is an indirect argument lor the specif icitv ol the anti-CD_5 antibody. 
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Discussion 

Human T-cell proliferation involves IL-1 production by monocytes, followed by autocrine IL-^ 
secretion by a T-lymphocyte subpopulation, and IL-2R expression on T-lymphocytes undergoing 
proliferation / differentiation (10). In the present report, we showed that IL-1 and IL-2 secretion in 
Yitro_by PBMC from rhesus monkey and T-lymphocyte expression of IL-2R can be detected by 
MAbs directed against the corresponding human antigens. Moreover, IL-1 synthesis and secretion 
and, to a lesser extent, IL-2 synthesis, were inducible by PM A, and PHA potentiated the effect of 
PM A. However, the optimal concentration of PM A is much lower in the rhesus monkey than in 
humans. Unlike the human case, PBMC in the presence of PHA alone produced only a small 
amount of IL-2. Nevertheless, PHA-induced T-lymphocyte proliferation, evidenced by pH] 
thymidine incorporation (27), was similar to what is observed in humans. Therefore, the IL-2 
production might be underestimated if the anti-IL-2 antibody used has a lower affinity with the 
macaque IL-2. The cross- reactivity for these cytokines has also been demonstrated with commercial 
sandwich immunoassays showing that two opposite epitopes are recognized by anti-human MAbs. 
Because these ELISA assays are sandwich assays and because two different tests were used 
successfully for each cytokine, four epitopes have therefore been recognized on each molecule. 
Despite these data we can not exclude cross-reactivities with other proteins. The IL-2R was 
expressed on some T-Iymphocytes and was enhanced in PHA or PMA-stimuIated cells with a time- 
dependent increase similar to what is observed in humans. The incubation of lymphocytes with IL- 
2 decreased the amount of labeling with our antibody against the IL-2R. This is due to the 
internalization of the 1L-2R and can be considered as an additional argument for the specificity of 
the antibody. In contrast to rhesus monkeys and humans, T-lymphocytes from Japanese monkevs 
(Macaca fuscata) respond less to PHA as shown by [ 3 H] thymidine incorporation and they also 
express IL-2R to a lesser extent ( 15). Nevertheless, in our experiment, not all anti-IL-2R MAbs 
studied stained-activated T lymphocytes (unpublished results), demonstrating that some epitopes of 
the receptor are weakly or not recognized by certain anti-human MAbs. 

Despite the lact that a number of anti-human MAbs have been used to characterise rhesus 
monkey surface antigens (14, 17, 21, 25), the interspecies similarities concerning cytokine 
secretion by and regulation of moncytc and lymphocyte functions are known poorly. Lymphokines 
such as interferon-gamma and tumor necrosis lactor-alpha have been identified in several rhesus 
monkey tissues on frozen sections (25) and human MAbs directed against these lymphokines had 
immunosupressivc effects in vivo (24). Human B cell growth factor (BCGF) or human 
recombinant IL-4 were found to be stimulatory for macaque splenic B cells (3, 1 1) and recombinant 
human intcrlcukin-3 and granulocyte/macrophagc colony-stimulating factor promotes peripheral 
blood hematopoietic progenitor cells in the rhesus monkey (8). Messenger RNA from IL-2, IL-4, 
IL-5, IL-2R, and interferon-gamma could be detected with human cDNA probes in T cells from 
rhesus monkey intestinal lamina propria (11). Additionally, we have recently shown that interferon- 
gamma production can be induced and quantified with a human enzyme immunoassay (23). 
Therefore, a profile of rhesus monkey cytokine activities is now emerging. 
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